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Abstract We describe three cases of J-wave syndrome in
which ventricular fibrillation (VF) was probably induced
by corticosteroid therapy. The patients involved were being
treated with prednisolone for concomitant bronchial
asthma. One of the three patients had only one episode of
VF during her long follow-up period (14 years). Two
patients had hypokalemia during their VF episodes. Cor-
ticosteroids have been shown to induce various types of
arrhythmia and to modify cardiac potassium channels. We
discuss the possible association between corticosteroid
therapy and VF in J-wave syndrome based on the cases we
have encountered.
Keywords Corticosteroid therapy  J-wave
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Introduction
Much attention has been focused recently on early repo-
larization and the so-called J-wave syndrome [1], because
of the association between early repolarization patterns
seen in electrocardiograms (ECGs) and the increased risk
of idiopathic ventricular fibrillation (VF) [2, 3]. The trig-
gering mechanisms underlying J-wave syndromes have not
been fully elucidated. Regarding the causative genes for
J-wave syndromes, various genetic mutations related to
sodium, calcium, and potassium channels have been
reported [1]. In addition, the triggering of VF is affected by
factors such as the autonomic nervous system, hypokale-
mia, ischemia, febrile illnesses, and drugs, and gender
differences and aging effects have been reported [1, 4].
However, to date the mechanisms and triggering factors
responsible for VF in J-wave syndromes remain unknown.
Steroid therapy may induce various arrhythmias, includ-
ing sinus bradycardia, supraventricular tachycardia, atrial
fibrillation, and ventricular tachycardia [5, 6]. There has
been one case report of VF related to hypokalemia induced
by steroid therapy in a patient with Brugada syndrome [7].
Steroids cause hypokalemia via their mineralocorticoid
action, so hypokalemia is likely a key trigger of VF in J-wave
syndromes, as in the case reported [1, 7, 8]. We have reported
a case of early repolarization syndrome related to severe
hypokalemia in a 66-year-old man [8]. On the other hand,
stress, which may induce the release of intrinsic corticoste-
roids, is also a likely key triggering factor for VF.
We have encountered three cases of J-wave syndrome
likely triggered by corticosteroid therapy. Here we discuss
the possible link between steroid therapy or stress and VF
episodes in J-wave syndrome.
Case reports
Case 1
The clinical characteristics of this female patient are
described elsewhere; she had an R367H SCN5A mutation
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[9, 10]. In brief, a 37-year-old Japanese woman was
referred to our hospital for recurrent syncope caused by
VF. She had been treated for bronchial asthma in our
hospital before the VF episode. We had no laboratory
data in the outpatient clinic before the VF episode;
however, the data on admission for recurrent VF showed
hypokalemia (2.7 mEq/l), which was likely caused by
prednisolone (5 mg) treatment for the concomitant bron-
chial asthma.
The ECG tracing on admission showed junctional
rhythm with atrial standstill associated with J-wave aug-
mentation in the inferior leads (Fig. 1a), and the J waves
were augmented after a long pause, resulting in the
development of VF (Fig. 1b). By contrast, in the ECG
obtained before the VF episode, neither a Brugada sign nor
J-wave augmentation was noted (Fig. 1c). The patient
received an implantable cardioverter-defibrillator (ICD)
and has experienced no VF episodes during a 14-year
follow-up period. She was finally diagnosed as having
early repolarization syndrome with SCN5A mutation [9,
10].
Case 2
The patient’s detailed clinical profile is described else-
where [11]. In brief, a 51-year-old man presented with his
first VF episode during admission to the hospital for
bronchial asthma therapy on April 15, 1998 (Fig. 2a). He
had been treated with prednisolone (5 mg) and b-stimulator
inhalation. Although cardiopulmonary resuscitation was
successful, a complication involving ischemic encepha-
lopathy occurred. The ECG just after resuscitation showed
augmented J waves in leads I, II, aVL, and V3–V6, which
were compatible with early repolarization syndrome (Fig.
2b). The patient received an ICD in 1999 and remained free
from any VF episodes under medication with 450 mg
mexiletine and 50 mg spironolactone.
In 2000, the patient experienced a repeat episode of VF.
On readmission, a VF episode followed by an ICD inter-
vention was documented on the ECG-monitor recordings.
The recordings showed that the VF episode was triggered
by a short coupled premature ventricular contraction with a
coupling interval of 280 ms (Fig. 2c).
Fig. 1 a Electrocardiogram (ECG) tracings obtained on admission
during a ventricular fibrillation (VF) episode. Atrial standstill
occurred in association with J-wave augmentation in leads II, III,
and aVF (arrows). b Atrial standstill and a VF episode observed on
admission. Note that the J waves in leads II, III and aVF were
augmented after a long pause (arrows). c ECG obtained before the VF
episode. Note the relatively wide S waves in leads I, II, III, aVL, and
aVF, as well as the precordial leads, in addition to a slightly widened
QRS. Also, neither a Brugada sign nor J-wave augmentation is
present. The ECGs were modified from Takehara et al. [9], with
permission
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The patient has been free from any VF episodes
while receiving combination therapy with mexiletine 300
mg, verapamil 120 mg, and spironolactone 50 mg for
the past 13 years. A recent ECG obtained during a VF-
free period is shown in Fig. 2d. No prominent J-wave
augmentation has been seen since the second VF
episode.
Case 3
A 57-year-old man was found to be in distress in bed at
midnight on October 28, 2008, so his family called for an
ambulance. A VF episode was documented, and cardio-
pulmonary resuscitation and defibrillation were successful.
The patient was then transferred to Asahikawa Red Cross
Hospital, and hypothermia therapy was started. Laboratory
data on admission showed hypokalemia (3.0 mEq/l). The
patient was finally discharged without any neurologic
deficits, and he was referred to our hospital for insertion of
an ICD on November 5, 2008.
The patient’s ECG showed J waves in the lateral leads,
with no Brugada-type ST elevation (Fig. 3a). Clinical
examination, including ultrasonography, pilsicainide chal-
lenge test, and cardiac catheterization, showed no partic-
ular abnormalities, so the patient was diagnosed with
idiopathic VF. He was free from any VF episodes for 5
years after receiving the ICD. In addition, ECGs recorded
in the outpatient clinic showed no Brugada-type findings or
J-wave augmentation.
In January 2013, the patient presented with a chronic
cough, and cough-variant asthma was diagnosed. He was
treated with prednisolone 5 mg/day and b-stimulant tape.
On April 2, 2013, during his routine ICD check, a VF
episode followed by an ICD intervention was observed.
The clinician thought that the b-stimulant tape may have
caused the VF episode, so he advised the patient to stop
Fig. 2 a Electrocardiogram (ECG) tracings during the first episode of
ventricular fibrillation (VF). b ECG just after the VF episode. Note
the J-wave augmentation in leads I, II, aVL, and V3–V6 (arrows).
c ECG tracings during a VF storm. Note that the VF was triggered by
a short coupled premature ventricular contraction and J-wave
augmentation in leads I, II, aVL, and V2–V6 (arrows). d A recent
ECG obtained during a VF-free period. The J-wave augmentation is
less prominent
Heart Vessels (2014) 29:867–872 869
123
Fig. 3 a Electrocardiogram
(ECG) during the day in the
absence of a ventricular
fibrillation (VF) episode. Note
the J waves in leads I, aVL, V5,
and V6 (arrows); however, no
Brugada sign is present. b ECG
monitor strip recorded in an
ambulance. The VF was
initiated by a short coupled
premature ventricular
contraction. Prominent J-wave
augmentation (closed arrows) is
also noted. c ECG tracing
during a VF storm. Note the
coved-type ST elevation in
leads V1 and V2 (open arrows)
associated with J-wave
augmentation in leads I, aVL,
and V3–V6 (closed arrows)
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using it. However, an electrical storm began the next day
(Fig. 3b), so the patient was readmitted to our hospital. On
admission, his laboratory data showed a tendency toward
hypokalemia (3.6 mEq/l), probably caused by the pred-
nisolone. The ECG tracing showed a coved-type ST ele-
vation in leads V1 and V2 associated with J-wave
augmentation in leads I, aVL, and V3–V6 (Fig. 3c). The
electrical storm finally stopped after an isoproterenol
infusion, discontinuation of prednisolone, and correction of
the electrolyte imbalance. The patient has been free from
any VF episodes since then. From these results and
observations, the patient was finally diagnosed as having
Brugada syndrome with inferolateral J waves.
Discussion
In the present report we describe three cases of J-wave
syndrome in which the patients experienced VF during
corticosteroid therapy. We could not show any direct evi-
dence for a link between the corticosteroid therapy and the
arrhythmias; however, we consider the steroid therapy and
subsequent hypokalemia to be related to the VF episodes in
these patients with J-wave syndrome, because these very
rare VF episodes each occurred in a patient receiving
corticosteroid therapy.
Corticosteroid therapy, especially when associated with
steroid pulse therapy, can induce both tachyarrhythmias
and bradyarrhythmias [5]. From the basic electrophysio-
logic viewpoint, corticosteroids affect cardiac potassium
and calcium channels [12, 13].
Fujimoto et al. [14] reported the effects of intravenous
methylprednisolone pulse therapy on cardiac rhythm and
electrolyte metabolism in 25 patients with nephrotic syn-
drome, and found that ventricular arrhythmias, including
ventricular tachycardia, were induced in association with
an increased fractional excretion of potassium. They pro-
posed that potassium efflux from the cell caused by the
effects of methylprednisolone on the cell membrane may
lead to cardiac rhythm disturbances, and also speculated
that the rate of change in the concentration of potassium,
rather than its absolute concentration, seem to be important
in the development of ventricular arrhythmias. In the cases
reported here, two of the three patients had hypokalemia,
suggesting that hypokalemia, probably induced by corti-
costeroid therapy, may be closely related to VF episodes,
because it is generally accepted that glucocorticoids reduce
serum potassium concentration via their mineralocorticoid
action. Moreover, in the cases of VF storm we have
encountered, in early repolarization syndrome the rapid
change in potassium concentration may have been related
to the patients’ lethal arrhythmias [8], which would be
compatible with the findings of Fujimoto et al. [14].
To date, only one case of corticosteroid therapy-induced
VF exacerbated by hypokalemia in Brugada syndrome has
been reported [7]. Regarding the relation between corti-
costeroids and potassium channels, deoxycorticosterone
acetate salt treatment alters the amount of Kv transcripts,
suggesting that mineralocorticoids may be involved in Kv
gene expression [15]. Chronic dexamethasone treatment
also decreases the transient outward current (Ito) density
[16], which would be expected to enhance the transmural
dispersion of repolarization. In Andersen–Tawil syndrome,
a rare disorder of periodic paralysis caused by mutations in
the KCNJ2 gene, which encodes the inward rectifier
potassium channel Kir 2.1, stress or corticosteroids exac-
erbate the symptoms [17, 18]. Based on these clinical
reports and cellular electrophysiology studies, we speculate
that corticosteroids, through their effects on cardiac
potassium channels and the resulting hypokalemia, may
trigger VF in patients with J-wave syndrome.
In the three cases described here, two patients (cases 1
and 3) had hypokalemia or a tendency toward hypokalemia
just before their VF episodes. Furthermore, in case 2 the
patient had a relatively low potassium concentration (3.8
mEq/l) during his second VF episode, after which spiro-
nolactone was given to prevent further VF, and there was
no recurrence. These observations suggest that the hypo-
kalemia subsequent to corticosteroid therapy may be a
critical factor in initiating VF episodes in patients with
J-wave syndromes. On the other hand, as described above,
steroids themselves have an arrhythmogenic effect by
affecting potassium channels either directly or through
modulation via secondary hypokalemia. The VF episodes
occurred mainly with corticosteroid therapy during a long
follow-up period, so a combined effect of steroids and
secondary hypokalemia may be one of the triggering fac-
tors for VF in patients with J-wave syndromes.
Considering the cases presented here, we suggest that
physicians consider the possibility of VF resulting from the
use of corticosteroids and subsequent hypokalemia in
patients with J-wave syndrome.
Limitations
We present evidence for a possible link between cortico-
steroid therapy and VF episodes in patients with J-wave
syndromes. VF may be caused by the direct or indirect
effects of corticosteroid therapy on potassium channels.
However, we have no direct evidence of an association
between corticosteroid therapy and VF from the clinical
and basic electrophysiologic viewpoints. Therefore, our
discussion is based mainly on speculation. Further studies
on the triggering factors for VF in J-wave syndromes, and
the relation between the use of corticosteroids and VF, are
needed to elucidate possible mechanisms.
Heart Vessels (2014) 29:867–872 871
123
Open Access This article is distributed under the terms of the
Creative Commons Attribution License which permits any use, dis-
tribution, and reproduction in any medium, provided the original
author(s) and the source are credited.
References
1. Antzelevitch C (2012) Genetic, molecular and cellular mecha-
nisms underlying the J wave syndromes. Circ J 76:1054–1065
2. Haı¨ssaguerre M, Derval N, Sacher F, Jesel L, Deisenhofer I, de
Roy L, Pasquie´ JL, Nogami A, Babuty D, Yli-Mayry S, De
Chillou C, Scanu P, Mabo P, Matsuo S, Probst V, Le Scouarnec
S, Defaye P, Schlaepfer J, Rostock T, Lacroix D, Lamaison D,
Lavergne T, Aizawa Y, Englund A, Anselme F, O’Neill M,
Hocini M, Lim KT, Knecht S, Veenhuyzen GD, Bordachar P,
Chauvin M, Jais P, Coureau G, Chene G, Klein GJ, Cle´menty J
(2008) Sudden cardiac death associated with early repolarization.
N Engl J Med 358:2016–2023
3. Chen YC, Huang JH, Lin YK, Hsieh MH, Chen YJ (2013)
Gender modulates the aging effects on different patterns of early
repolarization. Heart Vessels. doi:10.1007/s00380-013-0352-z
4. Kawashiri MA, Hayashi K, Konno T, Fujino N, Ino H, Yamagishi
M (2013) Current perspectives in genetic cardiovascular disor-
ders: from basic to clinical aspects. Heart Vessels. doi:10.1007/
s00380-013-0391-5
5. Vasheghani-Farahani A, Sahraian MA, Darabi L, Aghsaie A,
Minagar A (2011) Incidence of various cardiac arrhythmias and
conduction disturbances due to high dose intravenous methyl-
prednisolone in patients with multiple sclerosis. J Neurol Sci
309:75–78
6. Akikusa JD, Feldman BM, Gross GJ, Silverman ED, Schneider R
(2007) Sinus bradycardia after intravenous pulse methylprednis-
olone. Pediatrics 119:e778–e782
7. Araki T, Konno T, Itoh H, Ino H, Shimizu M (2003) Brugada
syndrome with ventricular tachycardia and fibrillation related to
hypokalemia. Circ J 67:93–95
8. Myojo T, Sato N, Nimura A, Matsuo A, Taniguchi O, Nakamura
H, Karim Talib A, Sakamoto N, Takeuchi T, Kawamura Y,
Hasebe N (2012) Recurrent ventricular fibrillation related to
hypokalemia in early repolarization syndrome. Pacing Clin
Electrophysiol 35:e234–e238
9. Takehara N, Makita N, Kawabe J, Sato N, Kawamura Y, Kita-
batake A, Kikuchi K (2004) A cardiac sodium channel mutation
identified in Brugada syndrome associated with atrial standstill.
J Intern Med 255:137–142
10. Watanabe H, Nogami A, Ohkubo K, Kawata H, Hayashi Y, Is-
hikawa T, Makiyama T, Nagao S, Yagihara N, Takehara N,
Kawamura Y, Sato A, Okamura K, Hosaka Y, Sato M, Fukae S,
Chinushi M, Oda H, Okabe M, Kimura A, Maemura K, Watanabe
I, Kamakura S, Horie M, Aizawa Y, Shimizu W, Makita N (2011)
Electrocardiographic characteristics and SCN5A mutations in
idiopathic ventricular fibrillation associated with early repolari-
zation. Circ Arrhythm Electrophysiol 4:874–881
11. Takeuchi T, Sato N, Kawamura Y, Takahashi F, Sato M, Kikuchi
K, Akasaka N, Go K, Fujimoto K, Hasebe N (2003) A case of a
short-coupled variant of torsades de pointes with electrical storm.
Pacing Clin Electrophysiol 26:632–636
12. Shimoni Y (2005) Dexamethasone and cardiac potassium cur-
rents in the diabetic rat. Br J Pharmacol 146:280–287
13. Wang L, Feng ZP, Duff HJ (1999) Glucocorticoid regulation of
cardiac K? currents and L-type Ca2? current in neonatal mice.
Circ Res 85:168–173
14. Fujimoto S, Kondoh H, Yamamoto Y, Hisanaga S, Tanaka K
(1990) Holter electrocardiogram monitoring in nephrotic patients
during methylprednisolone pulse therapy. Am J Nephrol
10:231–236
15. Coulombe A, Momtaz A, Richer P, Swynghedauw B, Coraboeuf
E (1994) Reduction of calcium-independent transient outward
potassium current density in DOCA salt hypertrophied rat ven-
tricular myocytes. Pflugers Arch 427:47–55
16. Capuano V, Ruchon Y, Antoine S, Sant MC, Renaud JF (2002)
Ventricular hypertrophy induced by mineralocorticoid treatment
or aortic stenosis differentially regulates the expression of cardiac
K? channels in the rat. Mol Cell Biochem 237:1–10
17. Bendahhou S, Fournier E, Gallet S, Me´nard D, Larroque MM,
Barhanin J (2007) Corticosteroid-exacerbated symptoms in an
Andersen’s syndrome kindred. Hum Mol Genet 16:900–906
18. Seebohm G, Strutz-Seebohm N, Ursu ON, Preisig-Mu¨ller R,
Zuzarte M, Hill EV, Kienitz MC, Bendahhou S, Fauler M,
Tapken D, Decher N, Collins A, Jurkat-Rott K, Steinmeyer K,
Lehmann-Horn F, Daut J, Tavare´ JM, Pott L, Bloch W, Lang F
(2012) Altered stress stimulation of inward rectifier potassium
channels in Andersen–Tawil syndrome. FASEB J 26:513–522
872 Heart Vessels (2014) 29:867–872
123
